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Abstract
The dynamics of Ruppia cirrhosa were studied over two
years in two coastal lagoons on the Corsican coast
(France, Mediterranean Sea). The lagoons differed in type
of eutrophication: (1) Biguglia lagoon (urban and indus-
trial effluent, agriculture, runoff from catchment area) and
(2) Santa Giulia lagoon (tourist pressure in summer). Spa-
tio-temporal variability of R. cirrhosa occurrence was
monitored on permanent transects. We also monitored
temporal changes in density, aboveground/belowground
biomass and organic matter. Most of the parameters
studied along the transects show variations with season
and site. Density and aboveground biomass of R. cirrho-
sa in Biguglia lagoon were lower when Ulva species were
present. This may be related to differences in nutrient
availability. During the first year of the study, rainfall was
greater with concomitantly higher nutrient inputs, which
may account for the higher values of measured para-
meters in the first year. The results suggest that environ-
mental parameter variations affect the functioning of
R. cirrhosa meadows.
Keywords: aquatic Magnoliophyta; Mediterranean Sea;
monitoring; population dynamics; seagrasses; wetland.
Introduction
Aquatic macrophytes, and especially aquatic Magnolio-
phyta, are prominent components of numerous lagoon
habitats (Millet and Guelorget 1993, Sfriso and Ghetti
1998, Mene´ndez 2002, Sfriso et al. 2002). These plants
have essential ecological roles (Tamisier and Boudou-
resque 1994), and also have economic importance
(Pearce and Crivelli 1994, Skinner and Zalewski 1995).
They contribute to sedimentary balance and constitute a
bioindicator of water quality (Succow and Reinhold 1978
in: Meriaux and Wattez 1980, Blandin 1986, Guilizzoni
1991). For many years, strong anthropogenic pressures
(e.g., fishing, fish and shellfarming, industrialisation and
urbanisation) have disturbed Mediterranean lagoon eco-
systems and strongly jeopardise their future survival
(Bacher et al. 1995, Bettinetti et al. 1996, De Casabianca
et al. 1997, Deslous-Paoli et al. 1998, Kjerfve 2000).
Many studies highlight the degradation of aquatic
Magnoliophyta in response to these disturbances, espe-
cially Cymodocea nodosa (Ucria) Ascherson, Zostera
marina Linneaus and Zostera noltii Hornemann (Pe´rez-
Llorens and Niell 1993, Perez and Romero 1994, Philip-
part 1995, Auby and Labourg 1996, Vermaat and
Verhagen 1996, De Casabianca et al. 1997, Sfriso and
Ghetti 1998, Laugier et al. 1999, Plus et al. 2001). How-
ever, very few surveys deal with Ruppia cirrhosa (Peta-
gna) Grande, an aquatic magnoliophyte of widespread
occurrence in European coastal lagoon waters (Verhoe-
ven 1980, Viarioli et al. 1997, Bachelet et al. 2000), es-
pecially in Mediterranean lagoons (Verhoeven 1975,
Verhoeven and Van Vierssen 1978, Baroli et al. 1997, Per-
gent-Martini et al. 1997, Ribera et al. 1997, Mene´ndez et
al. 2002, Agostini et al. 2003, Marzano et al. 2003). R.
cirrhosa is common in large permanent water bodies, in
which it is one of the rare macrophytes that survives and
exhibits healthy growth in salinities above 20 psu
(Verhoeven 1979). This climax species has extremely high
resistance to variations in environmental conditions. We
monitored seasonal variations of this species in two
lagoons with different types of anthropogenic stress.
Materials and methods
The two lagoons chosen (Biguglia and Santa Giulia) are
located along the eastern coast of Corsica (Mediterra-
nean Sea; Figure 1). The environmental conditions vary
between the lagoons: there is greater heterogeneity and
human pressure in the Biguglia lagoon than in the Santa
Giulia lagoon (Table 1). The Biguglia lagoon has been
included in the Ramsar list (wetlands of international
importance) since 1990, and has been listed as a natural
reserve since 1994 (Decree no. 94-688 of August 9,
1994). It lies parallel to the sea over a distance of about
10 km, and is separated from the sea by a lido (recrea-
tional beach) not more than 1 km wide (Figure 1). This
mesohaline lagoon (Sacchi 1985, Table 1) communicates
with the sea through channels at the north and south
ends. There are strong inputs of fresh water in the north-
ern part of the lagoon (e.g., 23–53=106m3 y-1 of surface
waters; Frisoni and Dutrieux 1992). In the centre of the
lagoon and on the landward shore, the substratum is a
fine sediment, rich in organic silt. On the seaward shore,
the substratum is more sandy, sometimes with shells
(Agenc 1989). There is fish farming in the lagoon, with an
annual mean production of 180 t (Boulmer et al. 1997).
Nutrient concentrations in this lagoon are higher than in
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Figure 1 Ruppia cirrhosa: location of Biguglia and Santa Giulia
lagoons in Corsica (France) and sampling sites.
Table 1 Ruppia cirrhosa: main characteristics of the Biguglia and Santa Giulia lagoons.
Biguglia Santa Giulia
Abiotic parameters
Geographical coordinates 428379 N, 98279 E 418319 N, 98159 E
Surface area (ha) 1500 26
Maximum depth (m) 1.8 1.0
Mean depth (m) 1.5 0.5
Catchment area (km2) 180 15.5
Water residence time (month) 1–2 1
Temperature (8C) 5–26 12–25
Salinity (psu) 4–26 12–37
Human pressure sources
Population of catchment area (ha) 18 528 712
Industrial and touristic activities in Effluent, wine making, airport, oil tanks, None
the catchment area boilerworks, hotels and restaurants, transport
Agricultural activities in the Orchards, vineyards, pumpkins and squashes, stock None
catchment area rearing
Activities at the lido Built-up area, holiday village, hotels and restaurants Holiday village,
hotels and restaurants
Fishing and aquaculture Fishing: 180 t/y of fish None
(Data from Pergent-Martini et al. 1997, Orsoni et al. 2001).
most other Mediterranean lagoons (e.g., total nitrogen,
ammonium; Orsoni et al. 2001).
The Santa Giulia lagoon (Figure 1) is located on an
estate owned by the ‘‘Conservatoire de l’espace littoral
et des rivages lacustres’’. This irregularly shaped lagoon
is separated from the sea by a narrow sandy strand
exposed to strong erosion since 1986 (Gauthier 1992). It
is a mesohaline lagoon (Sacchi 1985, Table 1) with a tem-
porary channel located to the south of the sandy beach.
The bottom is constituted mainly of silty sediments
(Lorenzoni et al. 1993). This lagoon is subjected to tourist
pressures in summer.
Monitoring of the vegetation was carried out using the
transect technique (Corre 1970), with fixed markers set
up in July 1997, and checked regularly thereafter. After
preliminary studies, the transects (each 100 m long; Fig-
ure 1) were set up in the two lagoons in areas where
seagrass beds were representatives (coverage, distribu-
tion, species; Figure 1). Spatio-temporal changes in sea-
grasses were investigated by recording the plant
populations 1 m on either side of these markers for mic-
rocartography (precision 20 cm). Presence/absence, cov-
er and health estimation (dead, alive) of populations were
recorded along transects. Cover was estimated in four
classes: 0–25, 25–50, 50–75 and 75–100%. In parallel,
from July 1997 to July 1999, a systematic sampling was
done at each sampling station parallel to the transect (5
replicates, every 20 m). A cylindrical corer (15 cm diam-
eter = 50 cm long) was pushed up to 20 cm into the
sediment in monospecific stands (5 replicates), in order
to follow seasonal variations of Ruppia cirrhosa. For each
core, shoots of R. cirrhosa were counted (density per m2),
and the aboveground biomass (foliar shoots) and the
belowground biomass (rhizomes and roots) were
weighed after oven drying (48 h at 608C). Organic matter
content of the sediment was measured in the surface
layer (0–10 cm) by weighing the ash after combustion in
a muffle furnace (3 h at 5008C). Also, at the Biguglia
lagoon, when presence of Ulvophyceae was observed,
its cover and biomass were estimated by sampling the
species in a 0.4 m2 quadrat near each sampling station
of R. cirrhosa.
Comparisons of parameters as a function of site or
season were processed by paired t-tests or Kruskal–
Wallis tests, coupled with a Student-Newmann-Keuls
test, in order to detect significant differences (Zar 1984).
The relation between two parameters was analysed using
a simple linear regression (Zar 1984). The software Stat-
graphics plus (v 2.1) for Windows was used.
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Results
Vegetation distribution along the transects differed
according to season and site. In winter, Ruppia cirrhosa
was dormant as short quiescent leaf-bearing stolons,
which prevented monitoring the transects. At Biguglia, a
healthy continuous and rather dense meadow of R. cir-
rhosa was observed (about 50 m off shore) in July 1997
and in April 1998, with presence of Ulva speci-
mens (Figure 2). In July, R. cirrhosa was replaced by
members of the Ulvophyceae that can, locally, constitute
very dense formations that form detached free-floating
mats near the bottom, with heights up to 20–30 cm (con-
tinuous beds of Ulva species, from 35 m to 75 m from
shore; 1324 to 2983 g m-2; Figure 2). This continuous
meadow of R. cirrhosa disappeared almost entirely dur-
ing this period, with mortalities of R. cirrhosa and Ulva
species. Later, R. cirrhosa appeared again with high cov-
er in spring 1999 and Ulva species decreased drastically
(2 to 162 g m-2; Figure 2). Seagrass was then much more
developed than the previous year and it occupied almost
the whole transect. At Santa Giulia in April 1998, a sparse
meadow of R. cirrhosa was observed on silt, and this
meadow became continuous 45 m off shore (Figure 2).
Over the whole study period, the only variations were in
meadow cover (Figure 2).
Shoot density of Ruppia cirrhosa meadows varied, on
average, from 3316"1112 shoots m-2 (Biguglia, July
1998) to 16401"3657 shoots m-2 (Santa Giulia, October
1997; Figure 3A). Density variations occurred over the
study period at both sites (Kruskal-Wallis test, p-0.05).
Maximal densities for Biguglia were recorded in April
1998 and for Santa Giulia in July 1997 (SNK test,
p-0.05). However, no seasonal pattern was observed.
For each site, the average density was higher in the first
year (July 1997–July 1998) than in the second year (July
1998–July 1999; SNK test, p-0.05). Comparison be-
tween sites shows that R. cirrhosa densities were gen-
erally significantly higher in the Santa Giulia lagoon
(paired t-test, p-0.05; Figure 3A).
Ruppia cirrhosa aboveground biomass varied from
8"4 g DW m-2 (Biguglia, October 1998) to 343"70
g DW m-2 (Biguglia, July 1999; Figure 3B). For the two
sites studied, significant seasonal variations were obser-
ved (Kruskal-Wallis test, p-0.05), with an increase of bio-
mass in spring and summer, and a decrease in autumn
and winter (SNK test, p-0.05). Significant differences
between years were observed in April (higher in 1998)
and July (higher in 1997 and 1999) for the two sites stud-
ied. Comparison of the two sites shows significant vari-
ations with a greater aboveground biomass at Santa
Giulia than at Biguglia, except in July 1997 and 1999
when the reverse pattern was observed (paired t-test,
p-0.05).
The belowground biomass varied from 4"2 g DW m-2
(Biguglia, October 1998) to 87"15 g DW m-2 (Santa Giu-
lia, October 1997; Figure 3C). The variations observed for
the study period were significant (Kruskal-Wallis test,
p-0.05), even though no seasonal pattern was observed.
Biomass was higher in the period July 1997–April 1998
than in the period July 1998–July 1999. In the same way,
no significant difference was recorded between the
two sites (paired t-test, p)0.05). The aboveground:
belowground biomass ratio (AB:BB ratio, Figure 3D) con-
firms the seasonal trends observed for both lagoons, but
highlights an important difference in biomass allocation
in July 1998 between the sites. The AB:BB ratio was sig-
nificantly higher in Santa Giulia (26.21) than in Biguglia
(11.39).
Organic matter content in the Ruppia cirrhosa mead-
ows sediment varied from 1.6% (Biguglia, January 1998)
to 4.6% (Santa Giulia, July 1999; Figure 4) and differed
among sampling times. At Santa Giulia, the organic mat-
ter content increased significantly from the beginning of
1998 to the end of the study; thus it was higher in the
second year than in the first year (Kruskal-Wallis and
SNK tests, p-0.05). On the other hand, at Biguglia the
organic matter content remained steady over the whole
period of study, except in April 1998 which showed a
significantly higher content than the other months (Krus-
kal-Wallis and SNK tests, p-0.01). Statistical analysis of
the results shows that, except in April 1998, the organic
matter content was lower in Biguglia than in Santa Giulia
(paired t-test, p-0.05). No correlation between the
organic matter content in the sediment and the total bio-
mass or the belowground biomass was observed (cor-
relation test, 0.07-r-0.37; p)0.05).
Discussion
Our results on density, aboveground and belowground
biomasses are concordant with those reported in the lit-
erature (Verhoeven 1980, Bachelet et al. 2000, Calado
and Duarte 2000, Azzoni et al. 2001, Mene´ndez 2002). In
particular, the total biomass values at both sites (Biguglia
and Urbino) are higher than values observed in the Ebro
Delta (Spain; Mene´ndez 2002) and comparable with
those recorded for the Santo Andre´ lagoon (Portugal;
Calado and Duarte 2000).
The biotic parameters of the two populations of Ruppia
cirrhosa showed seasonal variations. Higher above-
ground biomass (attributable to larger leaves) in summer
is well known for this species (Verhoeven 1980, Bachelet
et al. 2000, Azzoni et al. 2001, Mene´ndez 2002). These
variations in biomass of magnoliophytes seem to be
linked to the strong variations in temperature and light
over the year (Duarte 1989, Perez-Llorens and Niell,
1993, Laugier et al. 1999). Biguglia and Santa Giulia
lagoons have strong variations in temperature (Figure
5A), and a significant correlation between aboveground
biomass and temperature was observed (rs0.69,
p-0.05).
Comparison between the two populations of Ruppia
cirrhosa (Biguglia and Santa Giulia) reveals the following
differences: (i) a smaller density and aboveground bio-
mass at Biguglia and (ii) more variation in cover at Bigu-
glia. These results could be related to differences in
nutrient availability due to inputs of nutrients in each
lagoon (Figure 5B–E). The correlation matrix shows a sig-
nificant correlation between aboveground biomass and
ammonium, nitrates (correlation test, rs-0.57 and -0.54,
respectively, p-0.05), and between density and phos-
phates (correlation test rs0.52, p-0.05). Important
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Figure 2 Ruppia cirrhosa: vegetation cover monitoring along permanent transects in Biguglia (A) and Santa Giulia (B) lagoons.
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Figure 3 Ruppia cirrhosa: seasonal variations of density (A), aboveground biomass (B), belowground biomass (C), and ratio above-
ground:belowground biomass (D) in Biguglia and Santa Giulia lagoons (mean and 95% confidence interval).
Figure 4 Ruppia cirrhosa: seasonal variations of sediment organic matter in Biguglia and Santa Giulia lagoons (mean and 95%
confidence interval).
inputs in nutrients could cause negative indirect effects
on the magnoliophytes through proliferation of plankton
or macroalgal blooms (Sfriso et al. 2003). In Biguglia,
observations of the green macroalgal bloom (Ulva spe-
cies) in spring and summer 1998 reveal environmental
modifications in the sampling site with a probable
increase in nutrients in the water column, and an increase
in organic matter in the sediment which could be related
to significant rainfall at this site in March and April 1998
(compared to Santa Giulia and to 1999). These modifi-
cations seem to allow the development of macroalgae
and to limit magnoliophyte development at this location.
Macroalgae, such as members of the Ulvophyceae, are
able to absorb large quantities of nutrients, eventually
producing sudden blooms. These species are primarily
nitrogen-limited and stimulated by the loading provided
by waste discharge (Giusti and Marsilli-Libelli 2005).
These data seem to describe a dystrophic crisis in the
Biguglia lagoon in spring-summer 1998, as described by
Viaroli et al. (1996). These crises are often caused by the
combination of nutrient input, high temperature, high
oxygen consumption, long periods of calm winds and
subsequent reduction in water exchange (Orsoni et al.
2001), which generate a proliferation of opportunistic
macroalgae (Bachelet et al. 2000). This proliferation leads
to a decrease in light intensity received by the magnolio-
phytes (Da Silva and Asmus 2001). The Biguglia lagoon
is eutrophic because of agricultural runoff and waste-
water discharge. The environmental modifications
observed at the sampling site of this lagoon during
spring-summer 1998 were confirmed by the mortality of
R. cirrhosa. Algal decomposition may also generate an
anoxic phenomenon harmful to the development of the
magnoliophytes (Giusti and Marsili-Libelli 2005). Light
attenuation and decomposition of macroalgae following
collapse of the bloom have strong effects on R. cirrhosa
meadows (drop in biomass and densities). The phenom-
enon of macroalgal proliferation, which led to the re-
gression of R. cirrhosa, has been observed in other
Mediterranean lagoons (Viaroli et al. 1996, Bachelet et al.
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Figure 5 Ruppia cirrhosa: seasonal variations of water temperature (A), phosphates (B), ammonium (C), nitrites (D), nitrates (E), and
rainfall (F) in Biguglia and Santa Giulia lagoons.
Data for water temperature, phosphates, ammonium, nitrites and nitrates were obtained from September 1998 to September 1999
for Biguglia lagoon (Orsoni et al. 2001) and from September 1994 to September 1995 for Santa Giulia lagoon (Canovas et al. 1996).
The data for Santa Giulia come from a nearby lagoon with similar characteristics (personal com. G.F. Frisoni). Rainfall data were
collected between July 1997 and August 1999 (Me´te´oFrance) for the two lagoons.
2000, Mistri et al. 2000). Indeed, the differing physiolog-
ical requirements of the algae and magnoliophytes tend
to produce a mutual exclusion (Giusti and Marsili-Libelli
2005). This phenomenon was reported for other magno-
liophytes (e.g., Zostera marina; Coffaro and Bocci 1997).
Comparison of the AB:BB ratio between the sites (Figure
3D) in July 1998 highlights the fact that R. cirrhosamead-
ows at Biguglia are not able to develop as much above-
ground tissues as populations of Santa Giulia. Indeed,
the presence of high densities of macroalgae in Biguglia
leads R. cirrhosa to invest its biomass in subterranean
tissues at the expense of photosynthetic tissues.
These density and biomass results could be also relat-
ed to differences in nutrient availability in the sediment.
The high concentrations of organic matter at the sam-
pling site in Santa Giulia lagoon seem to constitute an
important source of nutrients, which may improve Ruppia
cirrhosa growth. Sediment composition appears to have
a primary influence on establishment and development
of Ruppia meadows (Guisti and Marsili-Libelli 2005). The
amount of nutrients being supplied by organic matter is
a positive factor supporting plant growth, as has already
been shown for Zostera marina (Kenworthy and Fonseca
1992, Van Lent et al. 1995, Peralta et al. 2003). These
organic matter concentrations must be carefully meas-
ured and considered with care, because an excess of
organic matter can cause anoxic events in the sediment
by mineralisation, and release of hydrogen sulphide with
consequent negative effects on plants (Tagliapietra et al.
1998).
Annual comparisons (1997–1998, 1998–1999) for both
sites (Biguglia and Santa Giulia) show higher values in
1997–1998 for the whole set of parameters measured,
together with the development of macroalgae in the sam-
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pling site of Biguglia. The available rainfall data (Meteo
France data; Figure 5F) indicate that both lagoons ben-
efited from higher inputs of fresh water, which came from
their catchment areas in 1997–1998. This could have led
to a better mixing of the water and to an enrichment in
nutrients able to support the development of Ruppia cir-
rhosa plants (high density and biomass values for that
period) and, in some cases, of macroalgae.
Presence of anthropogenic stresses causing environ-
mental parameter variations in some Corsican lagoons
affects the functioning Ruppia cirrhosa meadows. Even
if this species shows a high resistance to variations in
environmental conditions and resilience capacity (sensu
Connell and Sousa 1983), nutrient input by human activ-
ities could jeopardise the future survival of the meadows
by facilitating the development of other more opportun-
istic species.
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